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Abstract

BIOCATALYZED ELECTROCHEMICAL SYSTEMS FOR BIOHYDROGEN AND BIOELECTRICITY PRODUCTION FROM WASTEWATER TREATMENT

Increasing global energy demand and depleting fossil fuels has put forward the necessity for searching alternative and eco-friendly energy sources. In this direction, a great deal of attention is being focused on bioenergy generation. Feasibility of bioenergy generation through microbial metabolism has opened new windows in replacing the conventional fossil fuel based energy due to its renewable and sustainable nature. Recently, biohydrogenesis through acidogenic fermentation and bioelectrogenesis through microbial fuel cell (MFC) technology are representing new and promising biological processes for bioenergy generation. Utilization of wastewater as substrate for both the processes and mixed culture as biocatalyst makes these technologies as sustainable for energy generation as well as waste management. The energy gain in microbes is driven by oxidizing an available electron donor (fermentation) with simultaneous reduction of an available electron acceptor (respiration). However, variation in the electron acceptor conditions determines the form of bioenergy as an end product or by-product. If proton itself acts as electron acceptor, the product will be H2 along with the formation of VFA and CO2, through biohydrogenesis (acidogenic fermentation). On the contrary, if the external solid electrode acts as an electron acceptor, bio-electricity can be harnessed and the process is called bioelectrogenesis. Whereas if an external potential/ voltage is applied to the anode and cathode under strict anaerobic conditions, reduction of protons to H2 occurs at the cathode with the electrons coming from the anode in a bioelectrolytic H2 production process.  Effluents from H2 production process using different biomass sources through acidogenic fermentation can further be utilized in a number of biological processes enabling additional energy recovery. Low substrate conversion efficiency, accumulation of acid intermediates, less H2 yield, anoxic microenvironment, substrate load and operating pH are the major problems that encounters during acidogenic fermentation process. Whereas high cost of the membrane and its associated problems like activation and mass transfer losses are the limitations in MFC operation. The present thesis had made an attempt to overcome these limitations and tried to find a solution for enhancing the process efficiency by employing various strategies. 
Operating pH, substrate load and anoxic microenvironment influence on acidogenic fermentation process was evaluated in the present study. Dark-fermentation studies with respect to varying pH and substrate load depicted that at operating pH 6 is optimum for H2 production and organic load (OL) of 4 g COD/l under anaerobic conditions showed maximum H2 production. Bioprocess and bio-electrochemical parameters and wastewater treatment analysis also depicted the same. Dehydrogenase (DH) enzyme which is a very crucial enzyme for H2 production and substrate degradation during anaerobic fermentation showed maximum activity at pH 6 than 5 and 7. The study also proved that H2 production can be possible at mild oxygen conditions (anoxic) at pH 6 under certain substrate load. In this study anoxic H2 production was studied comparatively with strict anaerobic conditions at varying load of glucose from 1-6 g COD/l. Eventhough good H2 production was observed during anaerobic microenvironment than anoxic, the study demonstrated the possibility of H2 production at mild O2 availability conditions.
In recent times, possibility of H2 production was reported in MFC like system called microbial electrolysis cell (MEC). MEC is a novel H2 production process with a potential of converting wide variety of dissolved organic substances present in the wastewater under applied potential conditions. MEC process performance was evaluated for additional H2 production, maximum substrate conversion. Optimizing applied potential in association with DH activity and its simultaneous influence on H2 production, substrate degradation rate (SDR) and VFA generation was investigated in a single chambered membrane-less MEC using anaerobic consortia as biocatalyst. Feasibility of integrating MEC process with dark-fermentation process for additional H2 recovery as well as substrate degradation was demonstrated. In order to utilize the residual organic fraction present in the acidogenic effluents of dark fermentation process as substrate for hydrogen production with input of small electric current. Potential of utilizing VFA as substrate in MEC was studied using effluents from H2 producing reactor operated with designed synthetic waste water (DSW), real-field spent-wash and pure VFA (synthetic acids - acetate, butyrate and propionate) for additional H2 production. The influence of culture pretreatment (untreated and acid pretreated) and pH (6 and 7) conditions on electrolytic process were also studied. Microbial inventory analysis by DGGE depicted the dominance of Firmicutes and γ-proteo bacteria which are good H2 producers as well involves in wastewater treatment. 
MFC is defined as a biologically catalyzed electrochemical system which can directly convert the chemical energy from an organic substrate to electrical energy through a cascade of redox reactions in the absence of O2. One of the advancements of MFC technology is the development of a sediment based MFCs where feasibility of harnessing bioelectricity from an aquatic eco-system using natural habitants is possible. Sediment based MFCs convert the rich organic composition present in sediment into power when the membranes are absent. The organisms enriched in the sediment are highly electrogenic and can discharge electrons effectively into the exterior environment. A sediment based membrane less MFC was designed and operated for effective electrogenesis. Electrogenesis was enhanced by adding graphite flakes to sediment. Graphite flakes function is to improve the conductivity of the anodic sediment bed by decreasing the neutralization of electrons and increasing the mobility of the electrons towards the anode in order to minimize the operational cost of MFC and reduce the losses and associated problems. For further enhancement, a semi pilot membrane-less multi electrode MFC with open-air cathode was designed and operated at different reactor configurations viz, single cell, double chamber, six chamber and thirty six chambers. The designed multi electrode membrane-less MFC system demonstrated effective wastewater treatment along with electricity production. 
In conclusion, application of different strategies to overcome the inherent limitations of the mixed microbial metabolisms and other associated operational problems will increase the practical feasibility of the bioenergy generation from wastewater.


